A technique to detect residual tetracyclines (TCs) in honey by HPLC and derivative UV-Vis spectra is examined in this study. Chromatograms of honey products often experience overlapped peaks and sloping background due to similar retention properties of components or to the presence of impurities. The derivatives provide resolution of overlapped peaks in an UV-Vis spectrum and eventually bring chromatograms that show pure elution behavior of TCs. Calibration models for oxytetracycline (OTC), tetracycline (TC) and chlortetracycline (CTC) are built out of the derivative spectra of standard solutions of honey and their prediction abilities are examined. The results show that the calibration models for OTC, TC and CTC can yield sufficient levels for the determination. The technique reported here may be effectively used for quantitative determination of TCs.
Introduction
the determination of TCs in honey is HPLC in the reverse-phase mode, with different detection methods, such as ultraviolet Highly sensitive detection of contaminant residues, e.g. (UV), 9, 10 fluorescence, 14, 15 chemiluminescence 16 and mass antibiotics, which are commonly used in veterinary medicine to spectrometry. [17] [18] [19] One major obstacle in the detection of TCs prevent diseases and also to promote growth, 1 takes a central by HPLC is the presence of impurities in honey. Honey is a place in the monitoring of the quality and the safety of food supersaturated solution composed primarily of fructose, glucose products. Tetracyclines (TCs), which include the oxytetracycline and water. 20 It readily provides each component with unique (OTC), tetracycline (TC) and chlortetracycline (CTC) shown in elution behavior in a chromatogram. Although the retention Fig. 1 , have been used to control bacterial diseases such as time of each component under particular conditions is unique European and American foulbrood, which may severe enough to identify its characteristics, similar retention properties losses in the honey bee population and honey prod cause uction. 2 of TCs and other components such as impurities often yield However, recently, the appearance of antibiotics residues in overlapped peaks and sloping background. One serious problem food products has raised concerns to consumers, because of is that the presence of overlapped peaks and sloping background possible allergic reactions and the possibility that the pathogenic makes it difficult to apply a calibration model since they microorganisms could become resistant to these drugs. [3] [4] [5] To ensure food safety to consumers, the U.S. Food and Drug Administration (FDA) has set the tolerance for the combined residues of TC, OTC and CTC at 2 mg/kg in meat. 6 The European Community (EC) has proposed a maximum residue limit (MRL) of TCs of 0.1 -0.6 mg/kg for meat and milk. 7 The codex committee has recommended MRLs of TCs (total of OTC, TC and CTC) of 0.1 -1.2 mg/kg in various types of tissues in livestock products. Thus, many countries and the international committee have established MRLs of TCs in livestock products, whereas those in honey have not been set in many countries yet. In Japan, a value of 0.3 mg/kg has been introduced as a provisional MRLs of TCs in honey. 8 In practice, the determination of TCs has been successfully carried out in various forms of biological matrices, such as eventually provide spectrum intensities which are irrelevant to the actual concentration of analytes. In practice, it is possible to determine TCs based on differences in their chemical and physical properties such as molecular weight, charge, solubility, polarity or volatility. Combinations of several techniques above are required to achieve the required sensitivity, accuracy and precision in the case of honey. However, such sample preparation is often an obstacle for the analysis of TCs, and there is a need to minimize the number of steps to reduce both time and sources of error.
In this study, an alternative method to detect unique retention behavior of TCs in honey by a simple mathematical treatment, i.e. the derivative of an UV-Vis spectrum, is explored instead of the above sample preparations. Note that the term "derivative" used throughout this paper mainly represents a mathematical gradient calculation. Taking a derivative is a popular technique in the pretreatment of vibrational spectra. 21 A characteristic advantage of a derivative is that it enhances spectral resolution and eventually brings peak separation in spectral dimension. For example, Yamamoto et al. proposed a method of improving the detection ability of peaks in a chromatogram using a derivative UV-VIS spectrum. 22 The resolved peak intensities can provide unique elution behaviors of analytes in the chromatogram. Thus, the technique makes it possible to build a calibration model for analytes. Compared to the sample preparation techniques described above, the only premise required is mathematical treatment for a derivative spectrum and the method does not need any special sample treatment. Importantly, it is not limited to HPLC-UV-Vis. That is, it is potentially applicable to various detection methods of HPLC as long as the way an analyte elutes can be detected by an electro-magnetic probe.
A variety of chromatographic techniques can be good candidates for the application of this method.
Three calibration models for OTC, TC and CTC were built with standard solutions of honey and used for predictions of matrix solutions containing TCs. It is shown that the derivative can work well to remove sloping background due to impurities and make the calibration models readily applicable. It is also revealed that the calibration models for OTC, TC and CTC can yield sufficient levels of results for the determination of TCs. It may be effectively used to sensitively determine various kinds of analytes even in complex matrix compounds such as muscle, milk, or egg.
Theory
Derivative by Savitzky and Golay filter 23, 24 Taking a derivative is a convenient way to enhance spectral resolution. Differential calculus is substantially about finding the gradient of a spectrum, e.g., dA/dλ in the case of a first-order derivative. Thus, a derivative, especially out of higher order than two, becomes less sensitive to the presence of baseline shift, tilt and curvature in the spectrum. In addition, the use of derivative provides enhances peak separation which increases the detection sensitivity of minor features and removes undesirable chemically irrelevant intensities from the spectrum.
Experimental

Chemicals and solutions
The hydrochlorides of OTC, TC and CTC were obtained from Wako Pure Chemical (Osaka, Japan) and were used without further purification. A citric acid buffer solution containing EDTA 2Na (ethylenediaminetetraacetic acid, disodium salt), a potassium phosphate monobasic solution (1.36%), a saturated EDTA 2NA solution and an imidazole buffer (pH 7.2) were prepared according to Ref. 25 . Methanol was of HPLC grade (Kanto Chemical, Tokyo, Japan) and water was distilled, deionized and then purified with a Milli-Q system (Japan Millipore Ltd., Tokyo, Japan). All other chemicals were of analytical-reagent grade. GL-Pak PLS-2 (PLS-2) of the styrene divinyl benzene co-polymer column (270 mg) from GL Sciences (Tokyo, Japan) was used for purification.
Chromatographic system and conditions
A HPLC system equipped with an LC10-ADvp pump, a DGU12A, a DGA14A solvent degasser, a SIL-10ADvp autosampler, a SPD-M10Avp diode array detector (DAD) and a CTO-10ACvp column oven from Shimadzu (Kyoto, Japan) was used for this study. The wavelength range of the UV-Vis detector was set to be 290 -475 nm, and the sampling frequency was kept to be 93.8 points/min with the time constant of 0.64 s, in order to obtain more than 20 points per peak for the faster compounds, which were eluted within 3 min. The injection volume and flow-rate were 100 μL and 1.1 mL/min, respectively. The column temperature was kept constant at 40°C. A reversed-phase Tsk-gel ODS-80Ts (150 mm × 4.6 mm) HPLC column from Tosoh (Tokyo, Japan) was used. Mobile phases were prepared using methanol and the 1 M imidazole buffer (1:3, v/v). The HPLC system was operated with Shimadzu CLASS-VP (Ver. 6.12 SP4; Kyoto, Japan). All calculations were performed by in-house programs coded in MATLAB (Ver. 7.01; The Math Works, USA).
Standard curve preparation
Stock standard solutions (1000 μg/ml) of OTC, TC, and CTC were prepared by dissolving them in methanol. Appropriate dilutions of these solutions were made with a potassium phosphate monobasic solution (1.36%) to produce working solutions containing 5 -10 µg/ml of OTC, TC, or CTC. Calibration standard mixtures containing 0 -2 μg/ml TCs were prepared by appropriately diluting the working solutions with the potassium phosphate monobasic solution (1.36%).
Sample preparation
Commercial honey products of 5 g were dissolved in 45 ml of citric acid buffer solution containing EDTA 2Na (ethylenediamine tetraacetic acid, disodium salt). The sample solution was loaded onto a PLS-2 that had been previously activated with methanol and water and then conditioned with 10 ml of saturated EDTA 2Na solution. The PLS-2 containing the sample was washed with 30 ml of water, and then air-dried for 20 min. TCs were eluted with 10 ml of methanol. After the methanol was removed by a reduced-pressure concentrator, the solvent was dried under a nitrogen stream. To produce prediction samples, we dissolved the residues in 1 ml of standard mixture solution containing 0.1 -1.2 μg/ml OTC, TC and 0.2 -1.2 µg/ml CTC. Sample blanks were prepared in 1 ml of potassium phosphate monobasic solution (1.36%).
Results and Discussion
Effect of derivative
A UV-Vis spectrum of standard solution of 5.0 μg/ml OTC is shown in Fig. 2(A) . A broad peak ranging from 320 to 420 nm can be observed. Since the peak maximum at 372 nm is due to the unique molecular structure of OTC, a chromatogram can provide quantitative information about OTC. For example, the unique retention of OTC clearly yields a peak around 2.8 min in the chromatogram, as shown in Fig. 2 
(B).
Figure 2(C) shows a chromatogram of sample blank, which only includes extract impurities, and that of prediction sample containing extract impurities and 0.1 μg/ml OTC. Now, it is important to point out that the chromatograms include a highly sloping background as compared with the chromatogram of the standard solution of OTC shown in Fig. 2(B) . The chromatograms potentially include intensity contributions from interferences as a form of baseline sloping resulting in the lack of a flat baseline. Such insufficient peak separation in a chromatogram eventually results in a major obstacle for the application of a calibration equation because an intensity contribution from the sloping background makes it difficult to estimate an actual peak area.
One possible solution for this problem, other than additional sample preparation, is to resolve the overlapped peaks in the spectral dimension mathematically. For example, the separation of overlapped peaks in spectral dimension offers pure spectral intensity, which includes information directly related to the quantity of the analyte, and such separation finally results in resolved peaks in a chromatogram. That is to say, the use of a derivative for UV-Vis spectra substantially leads to better peak separation in the chromatogram. A peak position in an original spectrum corresponds to a zero-crossing point in the third derivative spectrum. For example, in Fig. 3(A) , the presence of two zero-crossing points at 372 and 390 nm implies that the UV-Vis spectrum of OTC includes two peaks not only at 372 but also at 390 nm. It is important to note that the presence of a potential peak at 390 nm is not clear in the original spectrum shown in Fig. 2(A) . Since taking a derivative is substantially to find the gradient of a spectrum, the peak intensity observed near a zero-crossing point becomes a useful index which is closely related to the quantity of analytes. That is, the chromatogram of the intensity at 399 nm is reasonably available to construct a calibration equation for OTC. Figure 3 (B) illustrates chromatograms of (a) the standard solution of 0.1 μg/ml OTC, (b) the prediction sample containing extract impurities and 0.1 μg/ml OTC and (c) the sample blank containing extract impurities only. The chromatogram of the prediction sample containing the extract impurities and 0.1 μg/ml of OTC as well as the standard solution of 0.1 μg/ml OTC provide a specific elution peak at around 2.8 min. The chromatogram of the sample blank solution shows a relatively flat baseline during the elution of OTC because the intensity at 399 nm in the derivative spectrum offers pure elution behavior of OTC. Thus, the flat baseline makes the application of the calibration equation readily possible. It is important to note that the removal of the sloping background can be achieved mathematical treatment, i.e. taking derivatives, additional sample preparation.
simply by the use without of the any
Calibration models
Chromatograms based on the derivative spectra of standard solutions of (A) OTC, (B) TC and (C) CTC are presented in Fig. 4 , calibration models between the peak area and the actual quantity of TCs can be obtained by well-known least squares calculations. Figure 5 shows chromatograms of the derivative spectra of prediction samples containing (A) OTC, (B) TC and (C) CTC. Once the mathematical relationship between a peak area and an actual concentration of TCs is revealed, the quantity of TCs even in the unknown samples can be predicted by substituting an observed peak area into the calibration equation. Table 1 summarizes statistical results of calibration models for OTC, TC and CTC. It is clear that the predicted quantities of OTC, TC and CTC are strongly correlated to the actual amounts. For example, the correlation coefficient Rc and the root mean squared error of calibration (RMSEC) for OTC become 0.9997 and 0.0149 μg/ml, respectively. Importantly, the calibration models also yield sufficient results in the application to the prediction samples. The calibration model for OTC produces a root mean squared error of prediction (RMSEP) of 0.0478 μg/ml and quantification limits of 0.02 μg/g in honey, respectively. The tiny difference in the results between the calibration and the prediction samples indicates those calibration models are readily applicable to the determination of TCs even in unknown samples. It is important to point out the statistical results represent the availability of the models over the entire concentration range shown in Table 1 . Further consideration for more realistic cases may still be needed.
Conclusions
In this paper, a HPLC-UV-Vis technique by using derivative spectra has been examined to detect TCs in honey products. It aims to resolve overlapped peaks in a UV-Vis spectrum and provide pure elution behavior of an analyte. Namely, a characteristic feature of the technique is that it removes undesirable intensity contributions from impurities in a chromatogram and makes it possible to detect the quantity of TCs in honey without any additional sample preparation. Importantly, it is universally applicable to all kinds of chromatographic technique as long as the eluted analytes are detected with spectroscopic probes. Calibration models for OTC, TC and CTC were built by the derivative spectra of standard solutions. Prediction results of the models show that the models for OTC, TC and CTC can yield sufficient levels for the determination. It may be effectively used to sensitively determine various kinds of analytes even in the complex matrix compounds.
The practice of taking derivatives is not limited to the case of HPLC-UV-Vis technique. It is generally applicable to a wide range of analytical instruments, even in the case of some other conventional method for the detection such as fluorescence, chemiluminescence and mass spectrometry, as long as the signals of analytes can be detected by the probes. It becomes possible to obtain detailed information of the analytes depending on way of the measurement. Thus it may assist further development of newer analytic techniques.
